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Edited by Shou-Wei DingAbstract Virus-encoding nuclear transcriptional regulators
play important roles in the viral life cycle. Most of these proteins
exhibit intrinsic transcriptional activation or repression activity,
and are involved in the regulation of the expression of virus gen-
ome itself or important cellular genes to facilitate viral replica-
tion and inhibit antiviral responses. Here, we report that the
minor core protein P8 of Rice black-streaked dwarf virus, a
dsRNA virus infecting host plants and insects, is targeted to
the nucleus of insect and plant cells via its N-terminal 1–40 ami-
no acids and possesses potent active transcriptional repression
activity in Bright Yellow-2 tobacco suspension cells. Moreover,
P8, like many transcriptional regulatory proteins, is capable of
forming homo-dimers within insect cells and in vitro. All these
data suggest that P8 is likely to enter the nucleus of host cell
and play an important role as a negative transcriptional regula-
tor of host gene expression during the process of virus–host inter-
action.
 2007 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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Transcriptional activation or repression is an important
mechanism involved in the regulation of eukaryotic gene
expression, which is also widely utilized by viruses. For retro-
viruses and many DNA viruses such as herpesviruses and ade-
noviruses, a number of virus-encoding nuclear transcriptional
regulators have been identiﬁed, e.g. the HIV Tat protein, her-
pes simplex virus immediate-early proteins, and adenovirus
E1A protein, which not only regulate the temporal expression
of the viral genome, but also modify and/or direct the host cel-
lular transcription apparatus for the beneﬁt of the virus [1–3].
However, an increasing body of evidence suggests that many
cytoplasmic RNA viruses also encode nuclear proteins that
have intrinsic transcriptional regulatory activity and interfere
with host cellular transcription [4], e.g., hepatitis C virus core
protein, which was shown to possess an overall transcriptional
repressor activity [5] and aﬀect the expression of important cel-
lular promoters, such as p53 and p21 [6]. Recently, it has been
reported that the tobacco mosaic virus (TMV) 126- or 183-*Corresponding author. Fax: +86 10 62754427.
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doi:10.1016/j.febslet.2007.04.071kDa replicase protein interacts with the Arabidopsis Aux/
IAA protein PAP1, a putative transcription repressor of auxin
response genes involved in plant development, interfering with
the plant’s auxin response system [7], revealing a mechanism
by which a plant virus induces disease through a transcrip-
tional regulation-related pathway.
Rice black-streaked dwarf virus (RBSDV), a member of the
turreted genus Fijivirus within the familyReoviridae, is propa-
gatively transmitted to rice, maize, barley, wheat and other
plant hosts by the insect vector planthopper Laodelphax stria-
tellus [8], causing severe growth abnormalities in host plants,
including white tumours on the back of the leaves and on leaf
sheaths and severe dwarﬁng [9]. It contains a genome consist-
ing of 10 linear double-stranded (ds) RNA segments (S1–S10).
The complete nucleotide sequences of these segments have
been determined [10,11]. By sequence analyses and compari-
sons, the proteins encoded by S1, S2 and S4 were assigned as
a possible RNA-dependent RNA polymerase, a major core
structural protein and an outer shell B-spike protein, respec-
tively [11]. Western blotting analysis of the components of dif-
ferent types of viral particles suggested that S10 encodes a
major outer capsid protein, whereas S7 and S9 encode non-
structural proteins [12]. In addition, the protein encoded by
the S8 ORF (P8), which comprises 591 amino acid residues,
is thought to be a minor core capsid protein [12]. P8 contains
a conserved nucleoside triphosphate (NTP)-binding motif
common in all its counterparts of turreted Reoviridae mem-
bers, suggesting a possible role of transcriptase cofactor similar
to that of the l2 protein of orthoreovirus [13].
Until now there has been little information available about
the roles of proteins encoded by the RBSDV genome, or their
counterparts of other ﬁjiviruses, in the mechanism by which
viruses infect host plants and induce disease symptoms com-
pared to phytoreoviruses [14–16]. Here, we report that
RBSDV minor core protein P8 is a nuclear protein directed
by the N-terminal region (amino acids 1–40). By targeting P8
to the chimeric promoter via a heterogeous DNA binding do-
main, we show that P8 acts as an active repressor that not only
down-regulates the basal transcription level of a reporter gene,
but also suppresses the activity of the acidic transactivation
domain VP16 in Bright Yellow-2 tobacco suspension cells, sug-
gesting that P8 may function as a nuclear transcriptional
repressor involved in the regulation of important host cellular
gene expressions in plant cells. Finally, like many other tran-
scriptional regulators, P8 forms stable homo-dimers in vivo
and in vitro as shown by a combination of ﬂuorescent micros-
copy and biochemical assays.blished by Elsevier B.V. All rights reserved.
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2.1. PCR primer sequences
The oligonucleotides used in this study are listed in Table 1.
2.2. Protein expression and puriﬁcation
A Bac-to-Bac baculovirus expression system (Invitrogen) was
adopted in this study to express the RBSDV P8 protein in insect cells
Spodoptera frugiperda (Sf9). The full-length S8 ORF (GenBank acces-
sion no. AY147040) was ampliﬁed with the primer pair F1 and R1 and
inserted into the pFastBacHTC vector, creating the donor plasmid
pFastBacH-P8. The recombinant baculovirus termed AcNPV-P8 was
obtained according to the manufacturer’s instructions.
To prepare puriﬁed P8, a total of 3 · 108 Sf9 cells were infected with
AcNPV-P8 at a MOI of 5–10 PFU/cell, then harvested at 72 h p.i.
followed by centrifugation at 3500 · g for 10 min. The pellet was
washed with PBS, resuspended and sonicated in buﬀer A (20 mM
Tris–HCl, pH 7.5, 1 M NaCl). P8 was puriﬁed using a pre-packed
1 ml Hi-Trap (Pharmacia) Ni column as described by Duan et al.
[17], and further desalted against buﬀer (20 mM Tris–HCl, pH 7.5,
100 mM NaCl).
2.3. Non-denaturing PAGE analysis of P8 oligomers
Native discontinuous PAGE was performed according to the proto-
col described by Gallagher [18]. Brieﬂy, the puriﬁed P8 protein was
mixed with 6· sample buﬀer for native gel, and then run on a 5–12%
native PAGE gradient gel, followed by western blot assay with anti-
his mAb (1:1000; R&D Systems, Inc.) as described previously [19].
2.4. Subcellular localization of eGFP fusion proteins in insect and
tobacco cells
P8-eGFP fusion ORF was generated by using a two-step recombi-
nant PCR method [20] with the primer pairs F1/R2, F2/R3, F1/R3.
Then the coding sequence for the truncated P8 lacking the N-terminal
1–40 aa fused to eGFP was generated using the intact S8-eGFP fusion
as the template with the primer pair F3/R3. The chimeric DNAs were
inserted into the insect expression donor plasmid pFastBac1 (Invitro-
gen) and the plant expression vector pWM101 (a derivation of pCam-
bia1300) to yield the recombinant plasmids, pFastBac-P8:eGFP,
pFastBac-P8DN40:eGFP and pWM-P8:eGFP.
For the localization analysis in insect cells, the constructs pFastBac-
P8:eGFP and pFastBac-P8DN40:eGFP were expressed in Sf9 cells
using the Bac-to-Bac expression system. A recombinant baculovirus
expressing the free eGFP was used as the control (H.J. Liu, unpub-
lished data). For self-interaction studies, Sf9 cells were coinfected with
the baculovirus expressing P8DN40-GFP at a MOI of 1–2 PFU per cell
and the baculovirus expressing either his-P8 (AcMNPV-P8) or his-P10
(RBSDV P10, H. J. Liu, unpublished data, virus research) at a MOI of
about 10 PFU per cell.
For the localization analysis in tobacco cells, the plasmids pWM-
P8:eGFP and pWM-eGFP expressing the free eGFP (Y.W. Zhong,
unpublished data) were introduced into Agrobacterium tumefaciens
strain EHA105 by electroporation. The leaves of 4-week-old Nicotiana
benthamiana plants were agroinﬁltrated as described by Cao et al. [14]
with A. tumefaciens harboring pWM-P8:eGFP and pWM-eGFP,
respectively.
Fluorescence was visualized under either a conventional ﬂuorescence
microscope (Leica, 020–525.025) or a confocal microscope (Leica,
TCS-SP2) using the appropriate excitation and emission ﬁlters atTable 1
Primers used in constructs
Construct Primers used for each c
pFastBacH-P8 F1: CTAACCATGGCTGG
R1: GACAATAGCTGAAT
pFastBac-P8:eGFP/pWM-P8:eGFP F1: CTAACCATGGCTGG
R2: GCTCCTCGCCCTTG
F2: GCTTCATCTATTAT
R3: GTCGGTACCTTTAC
pFastBac-P8DN40:eGFP F3: CTAGCCATGGATCC
R3: GTCGGTACCTTTAC
aPrimers are represented in the 50–30 direction and restriction enzyme site se40 hpi for insect cells or 2–3 dpi for tobacco cells. More than ﬁfty
GFP-expressing cells were examined, and the representative images
were collected and processed with the Photoshop software (Adobe Sys-
tems).
2.5. Tobacco protoplast transfection assay
2.5.1. Generation of reporters and eﬀectors. The empty eﬀector plas-
mid GD, LD-VP16 and reporter plasmid LexA(2·)-Gal4(2·):GUS
were kindly provided by Prof. Shiv B Tiwari and Tom Guilfoyle
(University of Missouri). The LexA(2·)-Gal4(2·):GUS reporter gene
contains two LexA and two GAL4 DNA binding sites separated by
10 bp of spacer DNA upstream of a CaMV 35S minimal promoter.
The LD-VP16 eﬀector gene encoded the LexA DBD (amino acids 1–
202) from the Escherichia coli LexA repressor fused in frame with
VP16 activation domain. GD-series eﬀector plasmids were constructed
by inserting XhoI/BamHI fragments from yeast two-hybrid vector
pGBKT7-series plasmids containing RBSDV P8 or P10 fragment
(H.J. Liu, unpublished data) to GD. Additionally, to construct the re-
porter plasmid Gal4 (10·):GUS, the full CaMV 35S promoter upstream
of the GUS gene in pBI221 (Clontech) was replaced by a PCR fragment
containing the 46 to +4 region of the 35S promoter. Then the EcoRI/
BamHI fragment of pMA558 [21] containing the 10· GAL4-binding
sites was inserted upstream of the mini 35S promoter.
2.5.2. Transient expression assay. Preparation of BY-2 protoplasts,
electroporation, and analysis of GUS expression were performed as re-
ported [22] with slight modiﬁcations. 10 lg of the reporter plasmid and
0, 2, 10, or 20 lg of various types of eﬀector plasmids with a 5 lg inter-
nal control plasmid pEGFP (Y.W. Zhong, unpublished data) were
used in cotransfection assays. GUS or GFP activities were determined
according to Jeﬀerson et al. [23] and Yang et al. [24] with a ﬂuorescence
spectrophotometer F-4500 for ﬂuorescence quantitation. GUS activity
was normalized for transfection eﬃciency based on GFP activity. Each
experiment was performed in triplicate independently and each assay
was repeated at least three times. Finally, the similar expression levels
of various eﬀector proteins were conﬁrmed by western blotting assay
with the speciﬁc antibodies.3. Results and discussion
3.1. P8 protein targets the nuclei of insect and plant cells via the
N-terminal 40 amino acids
Analysis of the deduced RBSDV P8 sequence revealed that
the N-terminal part of P8 contains the basic region
22KRPNDPINHRKTKKK36, exhibiting a high degree of sim-
ilarity with the functional bipartite nuclear import signal of
nucleoplasmin [25] (Fig. 1A). To investigate the possibility of
P8 being a nuclear protein, the coding sequence for the wild-
type P8 or its truncated mutant lacking the N-terminal 1–40
amino acids fused to the N-terminal of EGFP was expressed
in Sf9 cells. The results of optical sectioning under confocal
microscopy showed that P8-GFP localized and seemed to be
associated with some ﬁlamentary structures in the nucleus
(Fig. 1B, upper line), whereas P8DN40-GFP was absent from
the nuclear interior and accumulated outside to form a ‘ring’
encircling the nucleus (bottom line). In contrast, free GFPonstructa Restriction site
CACCCATGACGAC NcoI
TCTCGCACAC TTC
CACCCATGACGAC NcoI
CTCACAACAATAATAGATGAAGC
TGTTGTGAGCAAGGGCGAGGAGCTG
TTGTACAGCTCGTCC KpnI
TCCATCGAACCCCATT NcoI
TTGTACAGCTCGTCC KpnI
quences are shown in bold type.
Fig. 1. Nuclear localization of RBSDV P8 in insect cells via its N-terminal 1–40 amino acids. (A) Alignment of the putative NLS sequence of
RBSDV P8 (aa 22–36) and the reported functional bipartite NLS of nucleoplasmin. The basic amino acids are indicated in bold type with two
identical short stretches underlined. (B) Sf9 cells expressing P8-GFP (upper line), EGFP (middle line), or P8DN40-GFP (bottom line) were observed
under confocal microscopy. Fluorescent images of near-consecutive, serial optical sections at a 2 lm interval were indicated (a2–a8; b2–b8; c2–c8) in
comparison to the bright ﬁeld images (a1, b1, c1).
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(middle line). These results were conﬁrmed by DNA-binding
dye Hoechst 33342 to identify the nuclei (data not shown)
and strongly suggest that P8 is a nuclear protein in insect cells
and the N-terminal region (aa 1–40) containing the putative
NLS is essential to the active nuclear import of P8.
Furthermore, we investigated the subcellular localization of
P8-GFP in N. benthamiana leaf cells since RBSDV infects both
insects and plants. As shown in Fig. 2, the free GFP was dis-
tributed throughout the whole cell with only moderate nuclear
enrichment (bottom line). However, in most of the cells
expressing P8-GFP the ﬂuorescent signal was predominantly
restricted to the nucleus (upper line), providing strong evidence
that P8 is a nuclear protein in cells derived from taxonomically
distinct organisms.Fig. 2. P8 is also targeted into the nuclei of plant cells. N. benthamiana lea
examined under bright-ﬁeld illumination (left) and ﬂuorescent-ﬁeld illumina
positions of the cell nuclei.Considering the fact that RBSDV replicates exclusively in
the cytoplasm of the infected host cell, this ﬁnding was at ﬁrst
surprising. However, it has become increasingly apparent that
many cytoplasmic virus-encoding proteins, including struc-
tural and nonstructural proteins, contain NLSs that resemble
cellular motifs and are actively imported into the nucleus
where they sequester nuclear factors in order to facilitate virus
replication and/or disrupt host cell function and thus inhibit
antiviral responses [4,26]. A similar phenomenon has been re-
ported for the l2 protein, a counterpart of P8 from mamma-
lian reovirus. l2, with a molecular weight of 83 kDa,
contains predicted nuclear import signal, is targeted to the nu-
cleus of transfected cells and may enter the nucleus of infected
cells [27]. Thus the nuclear targeting activity of RBSDV P8
may imply a potential role in the regulation of nuclearves expressing P8-GFP (upper line) or free EGFP (bottom line) were
tion (middle). In the merge panel (right) the white arrows indicate the
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scription and cycle control [4].
3.2. RBSDV P8 possesses active transcriptional repression
activity in BY-2 protoplasts
Using a BY-2 suspension cell protoplast transfection assay
system, we then revealed the potential transcriptional regula-
tion activity of P8 in plant cells. In this study, BY-2 suspension
cell protoplasts were co-transfected with a GUS reporter plas-
mid that contained ten copies of the GAL4-responsive element
(GAL4-GUS) and the various eﬀector plasmids indicated in
Fig. 3A. Additionally, pEGFP, which contained the GFP gene
under the control of a Cauliﬂower mosaic virus (CaMV) 35S
promoter, was used as an internal control for each transfection
experiment. Cell extracts were prepared 24 h after transfection,
and the ratio of GUS to GFP activity was used as the measure
of the GUS gene expression level.
As shown in Fig. 3B, a marked decrease in GUS activity to
less than 30% of the basal activity induced by empty eﬀectorFig. 3. GAL4-tagged P8 represses the basal transcription activity of report
reporter and eﬀector plasmids used. The eﬀectors encode GAL4 DBD fusions
copies of the GAL4 DNA binding site fused to a CaMV 35S minimal prom
terminator signal of the gene for nopaline synthase. (B) BY-2 protoplast cells
the indicated eﬀector plasmid by electroporation. (C) 10 lg of reporter plasmi
P8, as indicated. GUS assay was performed as described in Section 2. The d
activity induced by eﬀector GD (10 lg) set arbitrarily as 1.plasmid (GD) was observed for the eﬀector plasmid (GD-P8)
expressing the yeast GAL4 DNA binding domain (GAL4
DBD) fused to RBSDV P8, whereas overexpression of P8
without fusion to GAL4 DBD (WM-P8) did not repress the
expression of reporter gene, suggesting that the repression
observed with the GAL4/P8 is not due to nonspeciﬁc squelch-
ing, i.e., by competing out an essential factor required for the
reporter gene expression. Instead, this ﬁnding implied an active
transcriptional repression mechanism in which P8 needed the
GAL4 DBD to provide the GAL4 binding site-speciﬁc recog-
nition to execute its function. As a control, the outer capsid
protein P10 of RBSDV, with a similar molecular weight
(63 kDa) to that of P8 (68 kDa), displayed no detectable
repressive eﬀect on the expression of the chimeric promoter
(GD-P10), suggesting that GAL4/P8-mediated transcriptional
repression is not caused by the physical blocking of the
transcription apparatus by the GAL4 DBD fusion pro-
teins. Furthermore, BY-2 protoplasts were cotransfected
with increasing amounts of eﬀector plasmids and a ﬁxeder gene in BY-2 protoplast cells. (A) Schematic representation of the
under the control of the CaMV 35S promoter. The reporter contains 10
oter region (46 to +4) and the GUS reporter gene. Nos denotes the
were co-transfected with an equal amount of the reporter plasmid and
d were co-transfected with diﬀerent amounts of GD, GD-P10 and GD-
ata represent relative GUS activity (mean values ± SD), with the GUS
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dose-dependent concentration curve in the range of 2–20 lg
of the GD-P8 eﬀector, as would be expected for active repres-
sion (Fig. 3C).
It is generally accepted that active transcriptional repression
involves inhibitory protein–protein interactions with compo-
nents of the basal or regulatory transcriptional machinery,
including direct repression and quenching repression, or the
recruitment of speciﬁc chromatin-modifying enzymes, such as
histone deacetylase [28,29]. Our ﬁndings show that RBSDV
P8 is able to repress the basal transcription from a 35Smini
promoter-reporter construct in an active, dose-dependent
manner, suggesting that P8, in this assay, is more likely to
act as a direct repressor. It has the ability of repressing a min-
imal RNA polymerase II promoter by interfering with the for-
mation or activity of the basal transcription complex, rather
than by acting as a quenching repressor, which represses tran-Fig. 4. GAL4-tagged P8 represses VP16-mediated transactivation in an inter
(A) Schematic representation of the reporter and eﬀector plasmids used. The
VP16 (LD-VP16) under the control of the CaMV 35S promoter. The reporte
35S minimal promoter region and the GUS reporter gene. (B) The indicated G
with an equal amount of the reporter plasmid and the eﬀector LD-VP16 by el
(–). (C) 10 lg of both the reporter plasmid and LD-VP16 were co-transfected
data represent the relative GUS activity (mean values ± SD), with the GUS a
100%.scription only at speciﬁc promoters mediated by certain activa-
tors without inhibition of the basal transcription activity [28].
3.3. RBSDV P8 suppresses VP16-mediated transactivation in an
intermolecular manner
Many active transcriptional repressors can repress not only
basal activity of a reporter gene but also the activity of another
transcriptional activator [30,31]. Further research was carried
out to test whether P8, if targeted to one DNA binding site
in a promoter, could repress the activity of a transactivator tar-
geted to another site in the promoter. In detail, we employed a
reporter construct (LexA[2X]-Gal4[2X]:GUS) that contained
two cis elements, both LexA and GAL4 DNA binding sites
and the eﬀector plasmid (LD-VP16), which encoded a chimeric
protein consisting of the LexA DBD fused to the transactiva-
tion domain of viral protein 16 (VP16) from the Herpes sim-
plex virus [32] (Fig. 4A).molecular manner without competing for the same DNA binding site.
eﬀectors encode GAL4 fusions (GD series) or the LexA DBD fused to
r contains both LexA and GAL4 DNA binding sites fused to a CaMV
D series eﬀector plasmid was co-transfected into BY-2 protoplast cells
ectroporation. All assays contained LD-VP16 with the exception of GD
with diﬀerent amounts of GD, GD-P10 and GD-P8 as indicated. The
ctivity induced by eﬀector GD (10 lg) and LD-VP16 set arbitrarily as
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porter plasmid was co-transfected only with the empty eﬀector
plasmid GD [i.e., no LD-VP16, GD(–)]. Co-transfection of the
reporter plasmid along with LD-VP16 and GD resulted in a
minimum of 5-fold activation of the reporter gene, similar to
the result obtained if the reporter gene was co-transfected only
with LD-VP16 (i.e., no GAL4 eﬀector gene, data not shown).
In contrast, the eﬀector GD-P8 reduced the activation by the
VP16 to less than 40% of the level with GD, suggesting that
P8 protein signiﬁcantly suppressed the intermolecular transac-
tivation activity of VP16. GD-P10 did not aﬀect the expression
of the reporter gene activated by VP16, thus excluding the pos-
sibility that the dominance of P8 over VP16 was caused by ste-
ric hindrance resulting from multiple artiﬁcial binding sites
within proximity of one another. Similarly, P8 suppression
of VP16 activation was found to be also dose dependent, with
the addition of increasing amounts of P8 eﬀector progressively
reducing the transactivation ability of VP16 (Fig. 4C).
It is possible that P8, as discussed above, interferes with the
formation or activity of the basal transcription complex, as a
consequence thereby inhibiting the activated transcription level
by VP16. However, we cannot rule out other mechanisms, such
as chromatin modiﬁcation and remodeling, or quenching
repression by contacting the coactivator or general transcrip-
tion factor target(s) of VP16 through direct or indirect pro-
tein-protein interactions [28]. Thus, it will be important in
future studies to identify the proteins (e.g., basal transcription
factors, coactivator proteins, or corepressor proteins) that
interact with P8 to bring about repression.
3.4. RBSDV P8 exists as homo-oligomers in vivo and in vitro
Typical transcriptional regulatory factors are homo- or het-
ero-oligomerized for the maintenance of their stability and
function [33]. Since RBSDV P8 possesses intrinsic transcrip-
tional repressive activity in tobacco protoplasts and our yeast
two-hybrid assays revealed a strong P8–P8 interaction (data
not shown), the issue of whether P8 is capable of eﬃcient di-
or multimerization is worthy of investigation.Fig. 5. RBSDV P8 interacts with itself in vivo and exists as homo-dimers in
P8DN40-GFP was co-expressed together with his-P8 (upper line) or his-P10 (
PBS–glycerol mixture containing Hoechst33342 were viewed by ﬂuorescence
were prepared with (lane 1) or without heating at 100 C (lane 2), then subj
blotting assay using an anti-his antibody. The positions of the HMW native
corresponding to the monomer and dimer of P8 are indicated with the arrowFirstly, we wondered whether the oligomerization takes
place in vivo. For this, we determined the localization of the
P8 derivative which lacks the nuclear targeting signal
(P8DN40) upon coexpression with the wild type his-P8 in in-
sect cells. The results showed that in most (>90%) of the cells
co-expressing P8DN40-GFP and his-P8, the ﬂuorescence accu-
mulated not only in the cytoplasm but also clearly in the nu-
cleus, while a cytoplasmic distribution pattern with nucleus
exclusion was observed when P8DN40-GFP was expressed to-
gether with his-P10 (Fig.5A), indicating that the wild type P8
associated with, and thereby mediated, the nuclear import of
P8DN40-GFP in insect cells.
To ﬁnd out whether P8 forms dimers or oligomerizes to a
bigger complex, his-tagged P8 expressed in insect cells was
aﬃnity-puriﬁed. The puriﬁed P8 was prepared with or without
heating at 100 C, and then separated on a native PAGE gra-
dient gel. As shown in Fig. 5B, a distinct band was detected
with a his-tag mAb for the unheated samples at the position
of 140 kDa (lane 2) by comparison with Coomassie brilliant
blue-stained native protein size markers, whereas for the sam-
ples treated by heating (lane 1), only the protein band of the
monomeric size was observed. Similar results were obtained
by analyzing the oligomeric nature of P8 by protein chemi-
cal-cross-linking assay with glutaraldehyde (data not shown).
In conclusion, our data demonstrate the RBSDV S8 ORF
encodes a nuclear dimeric protein which acts as an active tran-
scriptional repressor in BY-2 protoplasts when targeted to a
reporter gene by fusion with a GAL4 DBD. This ﬁnding
prompts us to speculate that RBSDV P8 may have a functional
role on the ﬁne tuning of host cellular gene regulation. Similar
previous research has mainly focused on animal virus-encod-
ing proteins, while few studies have been reported on such pro-
teins encoded by plant viruses. Therefore, our ﬁndings have
biological signiﬁcance in revealing a possible mechanism by
which plant viruses utilize nuclear transcriptional regulators
encoded by themselves to impact cellular biological function
during the process of virus–host interaction. More detailed
studies on this model for P8 localization and function duringsolution. (A) P8 co-imports P8DN40-GFP into the insect cell nucleus.
RBSDV P10, bottom line) in insect cells. Then the mounted cells in the
microscopy. (B) P8 existed as dimers in solution. Puriﬁed P8 proteins
ected to a 5–12% native PAGE gradient gel and visualized by western
protein size markers (Pharmacia) are shown on the left. The positions
s to the right of the panel.
2540 H. Liu et al. / FEBS Letters 581 (2007) 2534–2540RBSDV infection will be carried out in the future. In addition,
further elucidation of how P8 exerts the repression on the basal
transcription may expand our understanding of the general
transcriptional machinery in plant cells.
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